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(54) Light source for an external cavity laser 

(57) A light source for an external cavity laser com- 
prises a semiconductor laser 1 having a first facet to 
which is applied an antireflecti on coating 1 A and a sec- 
ond facet to which is applied a increased reflection coat- 
ing 1 B defining a predetermined reflectivity, lenses 5, 6, 
a diffraction grating 2, and a mirror 3, wherein a light 
emitted from the first facet is converted into a parallel 



light by the lens 5, and the parallel light passes through 
the diffraction grating 2 to select a wavelength and is 
reflected to the diffraction grating 2 by the mirror 3 to 
select a wavelength via the diffraction grating 2 again; 
and the parallel light is converged by the lens 5 to be 
fed back to the semiconductor laserl , and a light emitted 
from the second facets is converged by the lens 7 to be 
output to an optical fiber 4. 



FIG. 1 



CM 
< 

CO 
CM 

in 

CO 




6 1 5 



Q_ 
UJ 



Printed by Jouve, 75001 PARIS (FR) 



DCID: <EP 1139523A2_I_> 



15 



20 



30 



35 



40 



45 



50 



EP 1 139 523 A2 

Description 

BACKGROUND OF THE INVENTION 
1 . Field of the Invention 
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[0013] In the case of the external resonator type semiconductor laser light source, an antireflection coating is normally 
applied to one facet of the semiconductor laser, and the other facet of the semiconductor laser is a cleavage plane. In 
the case of an element for 1 550nm, this cleavage plane is a partially reflecting surface with a reflectivity of approximately 
32%. Thus in an external resonator, the semiconductor laser will not undergo emission by itself and laser emission 
5 occurs as a result of the feedback of light. The feedback efficiency thus corresponds to the reflectivity of the other facet. 
[0014] In case of the example shown in Fig. 8, if the coupling efficiency of the lens 5 is 50%, the diffraction efficiency 
of the diffraction grating 2 is 80%, and the reflectivity of the mirror 3 is 95%, thus: 

Feedback efficiency ~ 0.5 x (0.8 x 0.8) x 0.95 x 100 = 30.4% 

[0015] It is found that the feedback efficiency is thus lowered to approximately 30%. 
[0016] Since the product of the reflectivities of both facets of the resonator is thus: 

0.32 X 0.304 = 0.097 

[0017] It can be understood that the efficiency of the resonator is lowered and the emission condition tends to be 
unstable. 

20 [0018] In the example of Fig. 8, since the light beam is made to undergo spectral separation twice by the diffraction 
grating in the round-trip in order to increase the wavelength selectivity, even if the diffraction efficiency is 80%, the 
efficiency is lowered to 64% in the round-trip. Accordingly, it is difficult to increase the feedback efficiency using the 
system of Fig. 8. 

[0019] Furthermore, in the light source for an external cavity laser of Fig. 9, since the beam splitter 9 is provided 
25 between the semiconductor laser 15 and the diffraction grating 2, the light beam passes through the beam splitter 9 
twice in addition to being diffracted by the diffraction grating 2 in the round-trip. Thus if the splitting efficiency of the 
beam splitter is given as 80% transmittance and 20% reflectance, the feedback efficiency is: 

3Q 0.5 X (0.8 X 0.8) X (0.8 X 0.8) X 0.95 X 100= 19.5% 

[0020] Thus, the feed back efficiency is lowered to approximately 20%. 

[0021] Likewise, the product of the reflectivities of the facets of the resonator is: 

5 0.32 X 0.195 = 0.06 

[0022] Though it is desirable here to improve the coupling efficiency of the lens part, which is considered to be highest 
in loss, since the emission NA of the semiconductor laser takes on a large value of 0.4 to 0.5 and a cross-sectional 
40 area (emission area) of the active layer is only a few um, that is extremely small, it is difficult to achieve significant 
improvements even when an aspherical lens having low aberration, etc. is used. 

[0023] As shown in Fig. 1 0, the same applies in case where band-pass filter 14 is used. That is, since a band-pass 
filter 14, that is narrow in half-width and excellent in wavelength selectivity, is generally high in transmission loss and 
the feedback efficiency thus tends to be low, it is also difficult to obtain stable oscillation conditions. 

45 [0024] Also in the examples shown in Figs. 1 1 and 1 2, though the optical output of the optical fiber 4 or the optical 
fiber 11 may be increased as much as possible by the application of the total-reflection coating 16B. since oscillation 
tends to occur readily even with a slight reflection at the facet on which antireflection coating 1 6A is applied, a composite 
resonator tends to be constructed, T and thus it is difficult to achieve stable emission without multi-modes and mode 
hopping as the light source for an external cavity laser (this is especially significant in the case of a variable wavelength 

so light source) . 

SUMMARY OF THE INVENTION 

[0025] An object of the invention is to restrain unstable oscillation, such as multi-mode emission and mode hopping, 
55 and stabilize emission conditions in a light source for an external cavity laser even when the efficiency of feedback of 
light to the semiconductor laser is lowered by the loss due to various optical elements. 

[0026] In order to achieve the above object, according to a first aspect of the invention, there is provided a light 
source for an external cavity laser, for example as shown in Fig. 1 , which comprises a semiconductor laser 1 , having 
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an antireflection coating 1 A provided on one end face thereof, and 

the light source for an external cavity laser converts a light beam emitted from the end face at the antireflection 
coating 1A side of the abovementioned semiconductor laser 1 into a parallel light beams, performs wavelength 
5 selection of the light beam by means of a wavelength selection optical element 2, then returns the light beam back 

to the wavelength selection optical element 2 by means of a mirror 3, then feeds back the light to the abovemen- 
tioned semiconductor laser 1 upon performing wavelength selection again by means of the wavelength selection 
optical element 2, and 

converges and outputs a light beam emitted from the other end face of the abovementioned semiconductor laser 
10 1 into an optical fiber 4, 

wherein a light source for an external cavity laser is characterized in that an increased reflection coating 1 B, having 
prescribed reflectivity characteristics, is applied onto the end face of the abovementioned semiconductor laser 1 
at the side on which antireflection coating 1 A is not provided. 

*5 [0027] According to the first aspect of the invention, since the light source for an external cavity laser has an increased 
reflection coating, which has prescribed reflectivity characteristics, applied onto the end face of the semiconductor 
laser at the side on which the antireflection coating is not applied, even when the efficiency of feedback to the semi- 
conductor laser is lowered by the passage of the light via the wavelength selection optical elements twice in the round- 
trip, a stable light source can be provided with which the occurrence of unstable emission, such as multi-mode emission 

20 and mode hopping, is restrained. 

[0028] The light source for an external cavity laser may include a diffraction grating 2 that is used as the abovemen- 
tioned wavelength selection optical element. 

[0029] The light source for an external cavity laser may includes a beam splitter 9, which takes out a part of the 
diffracted light that is fed back from the diffraction grating 2 to the abovementioned semiconductor laser 1 , between 
2$ semiconductor laser 1 and diffraction grating 2, wherein the diffracted light beam that is taken out by the abovemen- 
tioned beam splitter 9 is converged and output into an optical fiber 11. 

[0030] In the invention, since the diffracted light beam is converged and output into the optical fiber, an extremely 
pure single-wavelength light beam, which does not contain any spontaneous emission components, can be obtained, 
and since an increased reflection coating is applied, a light source of stable emission conditions can be obtained even 
when the efficiency of feedback to the semiconductor laser is lowered to a level less than or equal to the first aspect 
of the invention due to the passage of light through the beam splitterand via the diffraction grating twice in the round-trip. 
[0031] The light source for an external cavity laser may be equipped with a rotation mechanism (indicated by the 
arrow) that enables variation of the selected wavelength by the changing of the angle of the abovementioned mirror 3. 
[0032] Since a rotation mechanism is equipped that enables variation of the selected wavelength by the changing 
of the angle of the mirror, the merit that an arbitrary wavelength can be selected freely is provided. 
[0033] In the light source for an external cavity laser, a band-pass filter 14 may be used as the abovementioned 
wavelength selection optical element. 

[0034] A beam splitter 9, which takes out a part of the diffracted light beam that is fed back from band-pass filter 14 
to the abovementioned semiconductor laser 1 , may be provided between semiconductor laser 1 and band-pass filter 
^0 14 and 

the diffracted light beam that is taken out by the abovementioned beam splitter 9 may be converged and output 
into an optical fiber J1 . 

[0035] Since the diffracted light beam, which is taken out by the beam splitter that takes out a part of the diffracted 
light that is fed back from the band-pass filter to the semiconductor laser, is converged and output into an optical fiber, 
an extremely pure single-wavelength light, which does not contain any spontaneous emission components, can be 
obtained, and since an increased reflection coating is applied, a light source of stable emission conditions can be 
obtained even when the efficiency of feedback to the semiconductor laser is lowered to a level less than or equal to 
that of the first aspect of the invention due to the passage of light through the beam splitter and the band-pass filter 
twice in the round-trip. 

so [0036] A partially reflecting mirror 1 7 may be used as the abovementioned mirror, and 

a part of the light beam that is fed back to the abovementioned semiconductor laser may be converged and 
output into an optical fiber 11. 

[0037] Since the mirror is made a partially reflecting mirror and a part of the light beam that is fed back to the sem- 
iconductor laser is transmitted and then converged and output into an optical fiber, an extremely pure single-wavelength 
55 light beam, which is low in spontaneous emission components, can be obtained, and since an increased reflection 
coating is applied, a light source of stable emission conditions can be obtained even when the efficiency of feedback 
to the semiconductor laser is lowered. 

[0038] The abovementioned band-pass filer 14 may be a variable band-pass filter with which the film thickness is 
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varied in a continuous manner and 

a slide mechanism (indicated by the arrow) may be equipped for enabling the variation of the selected wavelength 
by the changing of the position of the abovementioned variable band-pass filter 14. 

[0039] Since a slide mechanism is equipped for varying the selected wavelength by the changing of the position of 
5 a variable band-pass filter, with which the film thickness is varied in a continuous manner, an arbitrary wavelength can 
be selected freely. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 [0040] Fig.1 is a constructional view showing an arrangement of an embodiment to which the invention is applied 
and shows a light source for an external cavity laser according to a first embodiment. 

[0041] ; Fig. 2 is a constructional view showing a light source for an external cavity laser according to a second em- 
bodiment. 

[0042] Fig. 3 is a constructional view showing a light source for an external cavity laser according to a third embod- 
15 iment. 

[0043] Fig. 4 is a constructional view showing a light source for an external cavity laser according to a fourth em- 
bodiment. 

[0044] Fig. 5 is a constructional view showing a light source for an external cavity laser according to a fifth embod- 
iment. 

20 [0045] Fig. 6 is a constructional view showing a light source for an external cavity laser according to a sixth embod- 
iment. 

[0046] Fig. 7 is a constructional view showing a light source for an external cavity laser according to a seventh 
embodiment. 

[0047] Fig. 8 is a constructional view showing an example of a related-art light source for an external cavity laser 
25 [0048] Fig. 9 is a constructional view showing another example of a related-art light source for an external cavity laser. 
[0049] Fig. 10 is a constructional view showing another example of a related-art light source for an external cavity 
laser. 

[0050] Fig. 11 is a constructional view showing another example of a related-art light source for an external cavity 
laser. 

30 [0051] Fig. 12 is a constructional view showing another example of a related-art light source for an external cavity 
laser. 

[0052] Fig. 13 shows a setting of the rotation center position of a mirror 3 in the light source for an external cavity 
laser according to the third embodiment. 

35 DETAILED DESCRIPTION OF THE PRESENT INVENTION 

[0053] The present invention will now be described in detail with reference to the drawings. 

First embodiment 

40 

[0054] : As shown in an arrangement of Fig. 1 , which is based on the related-art example of Fig. 8, a light source for 
an external cavity laser comprises a semiconductor laser 1 , a diffraction grating 2, a mirror 3, an optical fiber 4, lenses 
5, 6, and 7, a optical isolator 8, etc. 

[0055] An antireflection coating 1 A is applied to one facet of semiconductor laser 1 . 

45 [0056] A light beam emitted from the facet of semiconductor laser 1 at the antireflection coating 1 A side is converted 
into a parallel light beam by the lens 5 and incidents on the diffraction grating 2. The parallel light beam that incidents 
on the diffraction grating 2 undergoes spectral separation according to wavelength in a radial manner and then incidents 
on the mirror 3. A light beam having a wavelength to incident perpendicularly on a reflecting surface of the mirror 3 out 
of the parallel light beam, which has undergone spectral separation by a diffraction grating 2, incidents on the diffraction 

so grating 2 again and is fed back to the semiconductor laser 1 along the original light path upon undergoing spectral 
separation again. 

[0057] A light beam emitted from the other facet of the semiconductor laser 1 is converted into a parallel light beam 
by means of the lens 6, transmitted through the optical isolator 8, and then converged onto the optical fiber 4 by the 
lens 7. Whereby lasing the output light beam is take out. 
55 [0058] Normally, an incident facet of the optical fiber 4 is polished at an angle of 6 to 8° in order to restrain the 
reflection, and an antireflection coating is applied if necessary. 

[0059] With regard to the semiconductor laser 1 , although the facet at the side at which the output light is emitted is 
normally a cleavage plane (with a reflectivity of approximately 32%), in this embodiment, an increased reflection coating 
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iSSr^iT ^ ?' 1 ° rdert ° increasethe reflectivity further to approximately 40%. 
EEf? A supplementary descr.pt.on of the increased reflection coating 1 B will be given 

cteaJed fI2.TZ ed refleC i° n C °f tin9 16 iS 3 ref,eCti0n COatin 9 that is aimed at increasing the reflectivity of the 

s is^zsEzssr 1 to some desree and mers from a to,ai Mn coatin9 2 

SJf 21 , N ° ,mally ' the ^flectivjty of the increased reflection coating 1 B is preferably approximately 40 to 70°/ Normaih, 
rCr^ eaSed ref,6CWOn COati " 9 1 B " the — - —* * « «- obtai^readX m™a ££ 
ro SSfU" ? SS Wh f rS the feedback effici "ency °' an external oscillator is slightly lower than the reflectivitv of th* 

2E2!^T? 6 f f edbaCk effi ° ienCy iS ab ° Ut 30% ' Specifical * withi " eftecS 
reflect.cn coat.ng 1B is preferably one that slightly increases the reflectivity (approximated 4QV\cL ZTnZZZ 
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[0066] A description of the embodiment of Fig. 1 will be continued 

SSL* h V 9ht S °. UrCe f ° r an eXtemal CaVity ,aser 0f R 9' 1 ■ the P roduct of the reflectivities of the facets of the 
resonator, as determined in the same manner in the related-art examples is- 
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0.4 X 0.304 ~ 0.12 



EE?* e1 T Cien< * of the ^onator is thus improved in comparison to the value of 0.097 for the arranaement of 
Fig. 8 that is not provided with the increased reflection coating 1 B. arrangement of 



Second embodiment 



EH™ f 1 arran f ment shown ^ Fig. 2 is based on the related-art example of Fig. 9. 



40 0.52 X 0.195 « 1.01 
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Third embodiment 
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diffracting surface of the diffraction grating 2, is defined as a point C. The mirror 3 is disposed so that a line extended 
a reflection surface of the mirror 3 passes through the point C and the rotation center position of the mirror 3 corresponds 
to the point C. 

[0075] With this positional relationship, the external resonator type laser source according to the third embodiment 
5 achieves the continuous variation of wavelength without mode hopping. 

[0076] Incidentally, the third embodiment may also be applied to the light source for an external cavity laser shown 
in Fig. 1 . 

Fourth embodiment 

10 

[0077] In a fourth embodiment shown in Fig. 4, a band-pass filter 14 is used as an optical element for wavelength 
selection in the light source for an external cavity laser shown in Fig. 1 . In this case, a comer reflector (comer cube 
mirror) may be used as the mirror 3 in order to facilitate alignment. 

15 Fifth embodiment 

[0078] In a fifth embodiment shown in Fig. 5, the band-pass filter 1 4 is used as the optical element for wavelength 
selection in the light source for an external cavity laser shown in Fig. 2. In this case, a comer reflector (comer cube 
mirror) may be used as the mirror 3 in order to facilitate alignment. 

20 -x- 
Sixth embodiment 

[0079] In a sixth embodiment of Fig. 6, the band-pass filter 1 4 is used as the optical element for wavelength selection 
in the light source for an external cavity laser shown in Fig. 2, and in place of using the beam splitter 9 shown in Figs. 
25 2 and 5, the m»rror 3 is made of a partially reflecting mirror 17 to converge a part of light returning to the semiconductor 
laser 1 into an optical fiber 11 . 

Seventh Embodiment 

30 [0080] In a seventh embodiment shown in Fig . 7, a variable band-pass filter, with which film thickness is varied in a 
continuous manner, is used as the band-pass filter 14 in the light source for an external cavity laser shown in Fig. 5, 
and the variable band-pass filter 1 4 has a slide mechanism (indicated by an arrow) to be able to change the selected 
wavelength. 

[0081] This embodiment is also applicable to the light source for an external cavity lasers shown in Figs. 4 and 6. 

35 [0082] Accordin to the first aspect of the invention, since an increased reflection coating, provided with prescribed 
reflectivity characteristics, is applied onto the end face of the semiconductor laser on which the antireflection coating 
is not applied, even if the efficiency of feedback to the semiconductor laser is lowered by the passage via the diffraction 
grating twice in the round-trip, a stable light source can be provided with which unstable emission, such as multi-mode 
emission and mode hopping, is restrained. 

40 [0083] In the invention, a pure single-wavelength light beam without spontaneous emission components can be 
obtained, and since an increased reflection coating is applied, a light source of stable emission conditions can be 
obtained even if the^fficiency of feedback to the semiconductor laser is lowered to or below the level of the first aspect 
of the invention due to the passage of light through the beam splitter and via the diffraction grating twice in the round-trip. 
[0084] In the invention, the merit of being able to select an arbitrary wavelength freely is provided by the rotation 

45 mechanism that changes the selected wavelength by the changing of the angle of the mirror. 

[0085] In the invention, a pure single-wavelength light beam without spontaneous emission components can be 
obtained, and since an increased reflection coating is applied, a light source of stable emission conditions can be 
obtained even if the efficiency of feedback to the semiconductor laser is lowered to or below the first aspect of the 
invention due to the passage of light through the beam splitter and the band-pass filter twice in the round-trip. 

50 [0086] In the invention, a pure single-wavelength light without spontaneous emission components can be obtained, 
and since an increased reflection coating is applied, a light source of stable emission conditions can be obtained even 
if the efficiency of feedback to the semiconductor laser is lowered. 

[0087] In the invention, the merit of being able to select an arbitrary wavelength freely is provided by the slide mech- 
anism that changes the selected wavelength by the change of the position of a variable band-pass filter, with which 
55 the film thickness is varied in a continuous manner. 
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Claims 
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1 . A light source for an external cavity laser comprising: 

~«tTt^ ndU ^ 0r 't S T lnc,udln 9 a f acet with an antireflection coating, and a second facet with an increased 

a m.rror reflecting back the parallel light beam emitted from the wavelength selection optical element so that 
the wavelength of the parallel light beam is selected twice in the wavelength seSion iSl iS^t 

the.ight beam emitted from the second facet is converged by the second lens to be output to a first optica, fiber. 
The light source according to claim 1 , wherein the wavelength selection optica, e.ement is a dfffract.on grating. 

oTe^oS 

the parallel light taken out by the beam splitter is converged to be output to a second optica, fiber. 

- chang^a^ *" ^ — * - length se.ection opt fca , Cement * 

5. The Hght source according to claim 1 . wherein the wavelength selection optica, element is a band-pass filter. 

6. The light source according to claim 5. wherein the mirror reflects a part of the parallel light beam- and 
the part of the para.iel Hght fed back to the semiconductor .ase'r is converged to betutput to an optica, fiber. 

" t^kn^ 
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(54) Light source for an external cavity laser 

(57) A light source for an external cavity laser com- 
prises a semiconductor laser 1 having a first facet to 
which is applied an antireflecti on coating 1 A and a sec- 
ond facet to which is applied a increased reflection coat- 
ing 1 B defining a predetermined reflectivity, lenses 5, 6, 
a diffraction grating 2, and a mirror 3, wherein a light 
emitted from the first facet is converted into a parallel 



light by the lens 5, and the parallel light passes through 
the diffraction grating 2 to select a wavelength and is 
reflected to the diffraction grating 2 by the mirror 3 to 
select a wavelength via the diffraction grating 2 again; 
and the parallel light is converged by the lens 5 to be 
fed back to the semiconductor laserl , and a light emitted 
from the second facets is converged by the lens 7 to be 
output to an optical fiber 4. 
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